This paper describes preparation, characterization and electrochemical performance of novel planar miniaturized all-solid-state (ASS) screen-printed potentiometric sensors for the detection of Ca 
Introduction
During the last years, there has been an increasing demand for chemical analyzers, which are suited for a rapid, accurate and in-field ion analysis. There is a great interest for easy to use, sensitive, low-cost and maintenance-free chemical analyzers for economical real-time analysis of environmentally important ions.
Potentiometric sensors can fulfill these requirements and can be easily adjusted to continuous and automatic analysis. Solid-contact ISEs without internal solution are especially attractive and desirable for on-site and mobile ion monitoring. ISEs in ASS configuration are portable and easy to handle since they exhibit no risk of solution leakages due to their simple construction form. In particular, they are suitable and applicable for on-site measurements and field applications.
These electrode types are more convenient for remote monitoring than conventionally liquid-filled ISEs as they are compatible with microfabrication techniques, and thus, are easier to miniaturize. Most 
Experimental

Reagents and Materials
Reagent grade high molecular weight poly vinyl chloride (PVC), tetrahydrofuran, ethylenediaminetetraacetic acid disodium salt dihydrate (Na 2 -EDTA), pyrrole, poly(3,4-ethylenedioxythiophene)-poly(styrene sulfonate) (PEDOT: PSS), calconcarboxylic acid, 2-nitrophenyl octyl ether (2-NPOE) and calcium sulfate (CaSO 4 ) were purchased from Sigma Aldrich and used without further purification. All inorganic salts used were purchased from Sigma Aldrich. All aqueous solutions were prepared with deionized water with a conductivity of 0.055 µS/cm. Graphite and silver containing thick film inks, used for the screenprinted electrodes, were obtained from DuPont de Nemours. Tap water samples for titration were adjusted to pH 12 by adding NaOH (2 mol/L). Plasticizers and ion-complexing compounds were available of highest purity and used without further purification. The ionophores were used without further purification.
Equipment
A half-automatic screen printer (EKRA mat S30, EKRA Germany) has been used to manufacture screen-printed sensors. Potentiometric measurements were carried out at room temperature, using pH/Ion analyzers pMX 3000 (WTW, Germany) and LM 2000 (Sensortechnik Meinsberg, Germany) with software ACHAT and LM remote. An ion chromatography system (IC 850 Metrohm, Switzerland) has been used for reference analysis.
Results and Discussion
Electrode Preparation
Manufacture of the ISEs has been realized by screen-printing graphite on ceramic substrates with defined dimensions, followed by specific modification with functional polymeric layers. In Figure 1 diamides which have been used as ion-complexing materials are shown. Both substances can be successfully used as Ca 2+ -complexing compounds in ASS ISEs. The membrane components were dissolved in tetrahydrofuran (THF) and applied to the top of the conducting polymer layer by drop casting. Best results have been achieved using the membrane compositions shown in Table 1 . The weight percentage of each compound is given in brackets. Further investigations on systematic and optimized membrane compositions are currently taken place. In the first step graphite has been was screen printed on the ceramic sub- 
Potentiometric Investigations
Potentiometric response behavior of a Ca 2+ -selective electrode in different stan- 
Applications
Direct potentiometric Ca 2+ determinations of different samples have been carried out with the newly developed sensors. In Table 2 determined Ca 2+ concentrations in different real samples using the novel potentiometric ASS sensors and ion chromatography as reference method are shown. The obtained results confirm the good applicability and efficient operational capability of the novel ASS sensors for Ca 2+ detection.
Titration as a calibration-free method is still an often used and accurate method for ion analysis. Focus of our work was to test the applicability of the novel sensors in potentiometric titration. Tap water samples from different European countries have been analyzed by potentiometric titration using the novel ASS sensors. Ca 2+ concentrations have been evaluated and the results have been compared with standard complexometric titration, where no calibration is needed. Both ion-complexing substances are well suited for the indicator electrodes. The screen-printed ion-selective electrodes have been successfully used as indicator electrodes. In Figure 4 potentiometric titration curves (a) including the first derivatives (b) of different tap water samples (I -IV) are shown. Potentials were registered against screen-printed ASS pseudo reference electrodes based on AgCl inks. There are significant potential jumps of >100 mV at the equivalent points. The sharp equivalent point allows a precise and accurate analytical Ca 2+ determination. These results confirm the applicability and good performance of the novel screen-printed, solid-contact sensors. Tap water samples from European regions were analyzed, showing different Ca 2+ contents. The determined Ca 2+ concentrations are reliable indicators for water hardness. Thus, potentiometric titration using miniaturized potentiometric sensors offers a promising alternative determination method of high accuracy compared to colorimetric titration. In Table 3 determined Ca 2+ concentrations by potentiometric titrations of 
Conclusions
Screen-printed potentiometric ASS sensors have been used in potentiometric Ca 2+ titrations of real samples with EDTA as complexing agent. It has been
shown that the described miniaturized, solid-contact sensors can be successfully applied to determine Ca 2+ concentrations in environmental samples. 
